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1 We investigated the mediators responsible for neutrophil migration induced by ovalbumin (OVA)
in immunized mice and the mechanisms involved in their release.

2 OVA administration promoted dose- and time-dependent neutrophil migration in immunized,
but not in non-immunized mice, which was mediated by leukotriene B4 (LTB4) and tumour necrosis
factor (TNF)a, since it was inhibited by LTB4 synthesis inhibitor (MK 886) or by LTB4 receptor
antagonist (CP 105,696), by dexamethasone and by antiserum to TNFa (82, 85, 63 and 87%,
respectively). Con®rming TNFa involvement, OVA challenge in immunized p55 TNF receptor
de®cient mice (p557/7) did not promote neutrophil migration (control: 2.90+0.68; p557/7:
0.92+0.236106 neutrophils cavity71).

3 OVA-stimulated peritoneal cells from immunized mice released a neutrophil chemotactic factor
which mimicked, in naive mice, neutrophil migration induced by OVA.

4 Supernatant chemotactic activity is due to TNFa and LTB4, since its release was inhibited by
MK 886 (93%) and dexamethasone (90%), and signi®cant amounts of these mediators were
detected.

5 TNFa and LTB4 released by OVA challenge seem to act through a sequential mechanism, since
MK 886 inhibited (88%) neutrophil migration induced by TNFa. Moreover, peritoneal cells
stimulated with TNFa released LTB4.

6 CD4
+ T cells are responsible for TNFa release, because the depletion of this subset prevented the

release of TNFa (control: 400+25; immunized: 670+40; CD4
+ depleted: 435+18 pg ml71).

7 In conclusion, neutrophil migration induced by OVA depends on TNFa released by CD4
+ cells,

which acts through an LTB4-dependent mechanism.
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Introduction

Neutrophils are the principal cells involved in host defence
against acute bacterial and fungal infections (Malech & Gallin,
1987). Although they have a protective e�ect, the tissue damage

observed in diseases such as rheumatoid arthritis, glomerulo-
nephritis, immune vasculitis and in¯ammatory bowel disease is,
at least in part, a consequence of neutrophil accumulation

(Haynes, 1992; Holdsworth & Bellomo, 1984; Wandall, 1985;
Weissmann & Korchak, 1984). Neutrophil migration and
activation during an in¯ammatory response results from

several events. Among these, an important role has been
ascribed to the release of chemoattractants by resident cells. To
this end, it has been shown that during non-immune
in¯ammation, macrophages and mast cells control neutrophil

in¯ux through the release of TNFa, chemokines and LTB4

(Ajuebor et al., 1999; Echtenacher et al., 1996; Malaviya et al.,
1996; Rankin et al., 1990).

With regard to the immune in¯ammatory reaction, T
lymphocytes are thought to be the key cells that control the
recruitment and activation of neutrophils. Thus, it has been

demonstrated that T cells obtained from Listeria-immunized
animals, when incubated with Listeria in vitro, release a
factor that induces neutrophil migration (Czuprynski &

Brown, 1987). Furthermore, the incubation of BCG-immune
spleen cells with bacterial antigen induces the release of an
antigen-speci®c factor, which induces neutrophil migration to

the peritoneal cavity of normal mice. The release of this
factor depends on spleen cell number and on the antigen dose
(Appelberg, 1992). Similarly, our laboratory has demon-
strated that T lymphocytes control the neutrophil migration

induced by OVA in immunized rats (Klein et al., 1995).
Concerning the chemotactic mediators involved in the

recruitment of neutrophils in immune in¯ammation, there is

evidence that LTB4, TNFa and chemokines participate in the
recruitment induced by OVA in immunized mice (Das et al.,
1999; Knott et al., 2001; Zhang et al., 1992; Zuany-Amorim
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et al., 1995). Furthermore, the presence of these mediators
has also been demonstrated in human in¯ammatory bowel
disease and rheumatoid arthritis, diseases in which neutrophil

in¯ux is observed (Beck & Wallace, 1997; Davidson et al.,
1983; Edwards & Hallett, 1997; Sharon & Stenson, 1984).
However, the mechanisms involved in the release and action
of these mediators have not been elucidated. In the present

study, we used a model of hypersensitivity reaction to
evaluate the individual contributions of TNFa and LTB4 to
neutrophil recruitment, as well as the mechanisms involved in

their release and action. Based on our results, we suggest that
neutrophil accumulation induced by OVA in immunized mice
is mediated by LTB4, the release of which is stimulated, in

turn, by TNFa produced by OVA-stimulated CD4
+ T cells.

Methods

Animals and procedures for active sensitization

All experiments were conducted in accordance with NIH
guidelines on the welfare of experimental animals. Male
BALB/c, C57BL/6 and p557/7 mice (18 ± 22 g) were bred and

maintained in microisolator cages in the animal housing
facility of the Department of Pharmacology, School of
Medicine of RibeiraÄ o Preto, University of SaÄ o Paulo, Brazil.

Breeding pairs of mice with targeted disruption of the TNFa
receptor p557/7 gene were obtained from Jackson Labora-
tories (Bar Harbor, Maine, U.S.A.). Breeding stock back-

crossed to C57BL/6 were obtained and the genotype of
p557/7 mice determined by PCR of DNA as previously
described (Pfe�er et al., 1993).
On day 0, the animals received a single s.c. injection of

OVA (100 mg) in 0.2 ml of an emulsion containing 0.1 ml of
phosphate bu�er saline (PBS) and 0.1 ml of complete
Freund's Adjuvant. The animals were given booster injections

of OVA on days 7 and 14, although this time accompanied
by incomplete Freund's Adjuvant. Control mice were injected
s.c. with 0.2 ml of an emulsion containing equal volumes of

PBS and complete Freund's Adjuvant, followed by a booster
containing the emulsion of PBS and incomplete Freund's
Adjuvant without OVA. Twenty-one days after the initial
injection, the immunized and control animals were challenged

by i.p. injection of OVA or Keyhole Limpet Hemocyanin
(KLH) dissolved in PBS; alternatively, animals were injected
with PBS or used as a source of peritoneal cells.

Leukocyte migration

OVA, KLH (10 mg cavity71) or PBS (0.5 ml cavity71) were
injected into the peritoneal cavity of OVA-immunized or
control mice. OVA was injected at doses of 1, 3 or 10 mg
cavity71 and leukocyte migration was evaluated at 5 min, 4,
12, 24 and 48 h post injection. At the indicated times, the
animals were killed and the peritoneal cavity cells were
harvested by washing the cavity with 5 ml of PBS containing

1 mM EDTA. The volumes recovered were similar in all
experimental groups and approximately 95% of the injected
volume was recovered. Total counts were performed in a cell

counter (COULTER1 AC T; Coulter Corporation; Miami,
Florida, U.S.A.) and di�erential cell counts (200 cells total)
were carried out on cytocentrifuge (Cytospin1 3; Shandon

Lipshaw Inc; Pittsburgh, Pennsylvania, U.S.A.) slides stained
with Rosenfeld. The results are presented as the number of
neutrophils per cavity.

Cell culture

To determine whether peritoneal cells from OVA-sensitized

mice released neutrophil chemotactic factor after antigen
speci®c stimulation, peritoneal cells from control or im-
munized mice were harvested by washing the cavities with

RPMI-1640 medium, pH 7.2. After quanti®cation,
16106 ml71 cells were incubated in the absence or in the
presence of OVA (1, 3 and 10 mg ml71) or KLH

(10 mg ml71). After 1 h, the cells were centrifuged, re-
suspended in fresh medium and further incubated for 1, 3
and 6 h. The viability of the peritoneal cells after the

incubation periods, assessed by Trypan Blue dye exclusion,
was greater than 95%. At the end of the incubation period,
the supernatants were collected and sterilized by ®ltration
(0.22 mm membrane; Millipore, Harrow, U.K.), and injected

(1 ml) i.p. in naive mice. Cell migration was quanti®ed 4 h
after the supernatant injections. Aliquots of the supernatants
were also stored at 7708C for determination of TNFa and

LTB4.

Anti-inflammatory drugs

The animals were treated 1 h before OVA challenge (10 mg
cavity71) with a glucocorticoid (dexamethasone; 1 mg kg71)

or with an LTB4 synthesis inhibitor (MK 886; 1 mg kg71);
alternatively, animals were treated 30 min before with a
cyclo-oxygenase inhibitor (indomethacin; 5 mg kg71), or a
nitric oxide synthesis inhibitor (L-NG-nitroarginine;

50 mg kg71), or an antagonist to platelet activating factor
(BN 50730; 10 mg kg71), or an antagonist to LTB4 (CP
105,696; 3 mg kg71), or an antagonist to histamine 1

(meclizine; 20 mg kg71) receptors. Dexamethasone and L-
NG-nitroarginine were dissolved in PBS, indomethacin in
0.1 M Tris, pH 8.0, and MK 886 was dissolved in 0.1%

methyl cellulose in H2O. Meclizine was ®rst dissolved in
Cremofor EL (BASF Aktiengesellschaft, Germany), no more
than 10% of the ®nal volume, and then the volume was
completed with PBS. BN 50730 and CP 105,696 were both

dissolved in 10% DMSO in PBS. In some experiments
recombinant murine TNFa (40 ng cavity71), LTB4 (25 ng
cavity71) or fMLP (11 mg cavity71) was injected in PBS- or

MK 886-treated mice. Four hours after the challenge,
neutrophil migration was assessed as described above.

The e�ect of anti-in¯ammatory drugs on the release of the

neutrophil chemotactic activity by OVA-stimulated peritoneal
cells was tested by adding the drugs to the incubation
medium throughout the incubation period. The ®nal

concentrations used were: 1 mM for MK 886, 10 mM for
dexamethasone and indomethacin and 100 mM for meclizine,
BN 50730 and L-NG-nitroarginine. The concentrations of
anti-in¯ammatory drugs used in vivo and in vitro were as

described in the literature (Bocca et al., 1998; Castro-Faria-
neto et al., 1991; Jancar et al., 1991; Oliveira et al., 1994;
Showell et al., 1995) and their e�ectiveness has been

previously con®rmed in our laboratory. To assess the
possibility of dexamethasone and MK 886, present in the
supernatants, causing interference in the in vivo neutrophil
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migration assays, these substances were added to super-
natants of non-pretreated OVA-stimulated peritoneal cells to
give similar concentrations in each experimental group. These

supernatants were assayed for neutrophil migration in naive
mice.

Effect of anti-TNFa on neutrophil migration induced by
OVA

The antiserum against TNFa (sheep anti-mouse TNFa: H92/

B8; 35 ml cavity71) or control serum (pre-immune serum;
35 ml cavity71) was injected i.p. in sensitized mice 15 min
before OVA (10 mg cavity71) challenge. Neutrophil migration

was evaluated 4 h later.

ELISA

The concentrations of TNFa in the supernatants were
measured by ELISA based upon a previously described
protocol (Taktak et al., 1991). Brie¯y, microtiter plates were

coated overnight at 48C with an immunoa�nity-puri®ed
polyclonal sheep antibody against TNFa (2 mg ml71). After
blocking the plates, recombinant murine TNFa standards at

various dilutions, together with the samples, were added in
duplicate at room temperature for 2 h. Rabbit biotinylated
immunoa�nity-puri®ed polyclonal anti-TNFa antibody at

1 : 1000 dilution was added, followed by incubation at room
temperature for 1 h. Finally, 100 ml of avidin-HRP (1 : 5000
dilution; DAKO A/S, Denmark) was added to each well;

after 30 min the plates were washed and the colour reagent

OPD (40 mg well71) was added. After 15 min, the reaction
was interrupted with 1 M H2SO4 and the O.D. was measured
at 490 nm. The results were expressed as pg of TNFa ml71 of

the supernatant, based on a standard curve.

RIA

The LTB4 concentration in OVA (10 mg ml71)-stimulated
peritoneal cell supernatant was determined by radioimmuno
assay (DuPont NEN1 Research Products; Boston, Massa-

chusetts, U.S.A.) according to the manufacturer's instruc-
tions.

Cell subset depletion

To investigate which lymphocyte subset was responsible for

the release of the neutrophil chemotactic factor, di�erent
subsets of lymphocytes were removed from the peritoneal cell
suspension before OVA stimulation using Biomagnetic
separation (Dynabeads, Dynal A.S., Oslo, Norway). The

antibodies used in this study recognize only speci®c
membrane antigens present in each leukocyte cell type
(Karpati et al., 1991; Rameshwar et al., 1993; Sant, 1993).

The beads coated with antibodies against Thy 1.2, B220,
L3T4 and Lyt 2 were used to remove T lymphocytes, B cells,
CD4

+ and CD8
+ T-cells, respectively. The procedures were

performed in accordance with the manufacturer's instruc-
tions. The peritoneal cell suspensions, depleted of the
di�erent lymphocyte subsets, were stimulated with OVA

according to the procedure described above. In some

Figure 1 Dose-dependence and time-course of neutrophil migration induced by OVA. (A) OVA was injected at the indicated doses
into the peritoneal cavity of non-immunized (c; control) or immunized animals and neutrophil migration was determined 4 h later.
Neutrophil migration was also evaluated when 10 mg of KLH was injected into immunized mice. (B) Time-course of the neutrophil
migration induced by OVA (10 mg cavity71) in control or in immunized mice. Data are mean+s.e.mean. * P50.05 compared to the
respective controls (ANOVA followed by Bonferroni t-test). Results are representative of two separate experiments with six mice per
group.
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experiments, CD4
+ T cell-depleted peritoneal cell suspension

was incubated for 2 h with OVA, washed and incubated for
an additional 4 h period with CD4

+ T cells (3.56105 ml71)

obtained from immunized mice.

Flow cytometric analysis

In order to con®rm the e�ciency of the depletion method
used (see previous section), the expression of CD3, CD4 and
CD8 in the peritoneal cells suspensions submitted or not to

biomagnetic depletion was determined by immuno¯uores-
cence analysis with speci®c mAbs. Peritoneal cells were ®rst
blocked with 10% normal mouse serum for 20 min at 48C
and then stained with mAb (Anti-CD3, anti-CD4 and Anti-
CD8) for 30 min at 48C. Cells were stained with the
appropriate isotype-matched FITC- or PE-labelled mAb

IgG, and also with control antibodies conjugated with FITC
and PE (Pharmingen, Mississauga, ON, Canada), which were
used as negative controls. After staining, the cells were ®xed
with 2% paraformaldehyde and analysed using a FACSort

Becton Dickenson ¯ow cytometer (San Jose, California,
U.S.A.). The analyses were performed in the lymphocyte cell
gate of the FACSort, as previously de®ned.

Drugs, reagents and antibodies

Recombinant murine TNFa (lot 99/532, speci®c activity of
200,000 IU mg71 ampoule71) and the sheep anti-mouse TNFa
antiserum (H92/B8) were gifts from Dr S. Poole (National

Institute for Biological Standards and Control, NIBSC,
London, U.K.). CP 105,696 was a gift from Professor Mauro
Teixeira (Federal University of Minas Gerais, Minas Gerais,
Brazil). MK 886 and indomethacin were obtained from

Merck Sharp & Dohme, and BN 52021 and BN 50730 were
gifts from Institut Henri Beaufour. All other reagents were
purchased from Sigma.

Statistical analysis

The data are reported as mean+s.e.mean. and are
representative of two or three di�erent experiments. The
means from di�erent treatments were compared by ANOVA.
When signi®cant di�erences were identi®ed, individual

comparisons were subsequently made with the Bonferroni t-
test for unpaired values. Statistical signi®cance was set at
P50.05.

Results

The i.p. injection of OVA in immunized mice induced dose-
dependent neutrophil migration (Figure 1A), which peaked 4 h

after the challenge and returned to control levels after 24 h
(Figure 1B). The injection of OVA in immunized animals, but
not in control, also induced eosinophil and mononuclear cell
migration. At 24 h, when the number of neutrophils had

returned to basal levels, a signi®cant eosinophil and mono-
nuclear cell accumulation was detected (eosinophils: control
0.01+0.01; immunized 1.81+0.28*, mononuclear cells: control

1.42+0.52; immunized 7.52+0.88*6106 cells cavity71, n=6;
*P50.05), and this persisted to the last time point analysed at
48 h (eosinophils: control 0.03+0.01; immunized 2.78+0.59*,

mononuclear cells: control 1.33+0.17; immunized
8.17+1.18*6106 cells cavity71, n=6; *P50.05). The i.p.
administration of an unrelated antigen (KLH, 10 mg cavity71)

in immunized animals, or OVA (10 mg cavity71) in control
(non-immunized) mice, did not induce signi®cant neutrophil
in®ltration at 4 h after OVA injection (Figure 1A). Further-
more, the immunization state of the animals was con®rmed

since, unlike non-immunized animals, immunized mice had a
high titre of serum IgG against OVA (control: not detected;
immunized: detected in up to 1 : 500 serum dilution).

The neutrophil migration triggered by i.p. injection of
10 mg of OVA in immunized mice was signi®cantly inhibited
by MK 886 (1 mg kg71), by CP 105,696 (3 mg kg71) or by

dexamethasone (1 mg kg71). However, treatment of the
animals with L-NG-nitroarginine (50 mg kg71), BN 50730
(10 mg kg71), meclizine (20 mg kg71) or indomethacin

(5 mg kg71) was ine�ective in modifying neutrophil migration
(Figure 2). Another PAF antagonist, BN 52021, also failed to
alter the neutrophil migration evoked by OVA in immunized
mice (OVA-challenge: 5.37+1.29; OVA-challenge in mice

treated with BN 52021: 4.39+1.506106 neutrophils cavity71;
n=5). These results suggest that LTB4 and cytokines are
involved in the neutrophil migration induced by OVA in

immunized mice. It is important to point out that the results
do not rule out a possible participation of CXC chemokines
in the process.

Figure 2 E�ect of anti-in¯ammatory drugs on OVA-induced
neutrophil migration. Immunized animals were treated with PBS
(s.c.; 30 min before), indomethacin (indo; 5 mg kg71; s.c.; 30 min
before), L-NG-nitroarginine (nitro; 50 mg kg71; s.c.; 30 min before),
meclizine (mec; 20 mg kg71; s.c; 30 min before), BN 50730 (BN;
10 mg kg71; s.c.; 30 min before), MK 886 (MK; 1 mg kg71; orally;
1 h before), CP 105,696 (CP; 3 mg kg71; s.c.; 30 min before) or
dexamethasone (dexa; 1 mg kg71; s.c.; 1 h before) and then
challenged with OVA (10 mg cavity71). The ®rst bar represents the
neutrophil migration induced by PBS injected i.p. (C). Neutrophil
migration was evaluated 4 h after OVA challenge. The values are
mean+s.e.mean. *P50.05 compared to PBS i.p. group, and
#P50.05 compared to PBS treated OVA-injected group (ANOVA
followed by Bonferroni t-test) treatment. Results are representative of
three separate experiments with ®ve mice per group.
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As con®rmation of cytokine involvement in the neutrophil
migration induced by OVA in sensitized animals, we observed
that treatment of these mice with anti-mouse TNFa
antiserum (35 ml) 15 min before the OVA challenge, but not
with pre-immune serum, inhibited the OVA-induced neutro-
phil migration (Figure 3A). The same amount of antiserum
against TNFa inhibited the neutrophil migration induced by

i.p. administration of recombinant murine TNFa (40 ng
cav.71) by more than 85% (TNFa i.p.: 4.25+1.06; TNFa i.p.
+antiserum anti-TNFa: 0.94+0.25*6106 neutrophils cav-

ity71, n=5; *P50.05). In order to con®rm the participation
of TNFa in neutrophil migration in OVA-challenged
immunized mice, p557/7 mice were actively immunized and

challenged with OVA; a signi®cant reduction of neutrophil
migration was observed in these animals (Figure 3B).
Meanwhile, these animals showed no signi®cant di�erence

from controls in their neutrophil migration response to the
i.p. administration of thioglycollate (PBS: 1.1+0.4; thiogly-
collate in wild type mice: 11.0+0.2*; thioglycollate in p557/7

mice: 13.9+2.0*6106 neutrophils cavity71; n=5; *P50.05

compared with PBS group).
Since we observed the participation of TNFa and LTB4 in

OVA-induced neutrophil migration, we tested the hypothesis

that TNFa is inducing neutrophil migration via the
stimulation of LTB4 release. The i.p. administration of TNFa
(40 ng cavity71) induced neutrophil migration which was

inhibited by 86% after pre-treatment of mice with MK 886
(1 mg kg71). The e�ect of MK 886 was not nonspeci®c, as
demonstrated by examining the e�ect of the same dose on the

neutrophil migration induced by LTB4 or fMLP (Figure 4)
The supernatants obtained from OVA (1 ± 10 mg ml71)-

stimulated peritoneal cells (Figure 5A) from immunized mice

induced a dose-related neutrophil migration into the
peritoneal cavity of normal mice. On the other hand, the
neutrophil migration triggered by the administration of the

supernatants from OVA (10 mg ml71)-stimulated peritoneal
cells obtained from non-immunized mice, or from KLH
(10 mg ml71)-stimulated peritoneal cell supernatants obtained
from immunized mice, did not di�er from the neutrophil

migration induced by non-stimulated peritoneal cell super-
natants (Figure 5A).
The release of the chemotactic factor by OVA

(10 mg ml71)-stimulated peritoneal cells obtained from im-
munized mice was time-dependent (Figure 5B). Higher
chemotactic activity was observed with the supernatant

obtained after 6 h of incubation.
As shown in Figure 6, only dexamethasone (10 mM) and

MK 886 (1 mM) were able to inhibit the release of the

neutrophil chemotactic factor by OVA-stimulated peritoneal
cells. Other drugs tested (indomethacin, 10 mM; L-NG-
nitroarginine, 100 mM; meclizine, 100 mM; BN 50730,
100 mM) were ine�ective in inhibiting the release of the

chemotactic factor by peritoneal cells. The absence of
neutrophil migration observed after the injection of the
supernatants from OVA-stimulated peritoneal cells pre-

incubated with dexamethasone or MK 886 was not due to

Figure 4 E�ect of MK 886 on neutrophil migration induced by
TNFa, LTB4 or fMLP. Neutrophil migration was induced by TNFa
(40 ng cavity71), LTB4 (25 ng cavity71) or fMLP (11 mg cavity71) in
mice pre-treated with PBS (striped bars) or MK 886 (1 mg kg71;
black bar). Control mice received only PBS i.p. (white bar).
Neutrophil migration was evaluated 4 h after the stimuli or PBS
injection. Data are mean+s.e.mean. *P50.05 compared to PBS
group, and #P50.05 compared to TNFa group (ANOVA followed
by Bonferroni t-test). Results are representative of two separate
experiments with ®ve mice per group.

Figure 3 Inhibition of neutrophil migration by anti-TNFa serum
treatment and in p557/7 mice. (A) BALB/c immunized mice were
injected with control serum (a-C) or with anti-TNFa serum (35 ml
cavity71) 15 min before the challenge with OVA (10 mg cavity71).
Control (c) mice were injected with OVA and immunized mice were
injected with OVA or vehicle (0.5 ml cavity71), and the neutrophil
migration evaluated 4 h later. (B) Control and immunized C57BL/6
(black bars) or p557/7 (white bars) were challenged with OVA
(10 mg cavity71), and 4 h later the neutrophil migration was
estimated. Data are mean+s.e.mean. *P50.05 vs non-immunized
control, and #P50.05 compared to a-C and immunized C57BL/6
(ANOVA followed by Bonferroni t-test). Results are representative of
two separate experiments with ®ve mice per group.
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inhibitory e�ects of the drugs present in the supernatants.
This is supported by the fact that the addition of
dexamethasone (10 mM) or MK 886 (1 mM) to the super-

natants of the OVA-stimulated peritoneal cells, at the end of
the incubation period, did not interfere with their capacity to
induce neutrophil migration. The migration induced by these
two supernatants was 2.97+0.28 and 3.15+0.316106

neutrophils cavity71 (n=5), respectively, which did not di�er
from the migration induced by OVA-stimulated peritoneal
cell supernatant (3.05+0.456106 neutrophils cavity71; n=6).

These in vitro results reinforce the participation of LTB4 in
OVA-induced neutrophil migration in the immunized mice.
The stimulation of peritoneal cells obtained from immu-

nized mice with OVA promoted a signi®cant increase in TNFa
and LTB4 concentrations in the supernatants compared to
those observed in control supernatants (Table 1). Con®rming

the in vivo demonstration that TNFa promotes neutrophil
migration via LTB4, we observed that in vitro stimulation of
peritoneal cells with TNFa (100 pg ml71) promoted a
signi®cant increase in the release of LTB4 (medium: 114+4;

TNFa: 211+3* pg ml71 per 106 cells; n=5; *P50.05).
When T cells were removed from the peritoneal cell

suspension, the release of the neutrophil chemotactic factor

induced by OVA stimulation was reduced, contrary to the
result observed when B cells were removed (Figure 7A).
Similar results were obtained when CD4

+ T cells, but not

CD8
+ T cells, were depleted from the peritoneal cell

suspension. Furthermore, the reintroduction of CD4
+ T cells

to the culture restored the release of the chemotactic factor
(Figure 7B). Con®rming CD4

+ T cells as the source of TNFa,
CD4

+ T cells incubated with paraformaldehyde-®xed OVA-

stimulated macrophages obtained from immunized mice
released similar amounts of neutrophil chemotactic factor
to those released by CD4

+ T cells incubated with un®xed
OVA-stimulated macrophages (CD4

+ T cells+un®xed OVA-

stimulated macrophages: 7.78+0.42; CD4
+ T cells+parafor-

maldehyde-®xed OVA-stimulated macrophages: 7.18+0.53
neutrophils cavity71; n=5). Moreover, the supernatants

obtained from cultures of CD4
+ T cells plus OVA-stimulated

macrophages from non-immunized mice induced neutrophil
migration similar to that induced by CD4

+ T cells plus

macrophages from immunized mice (6.10+0.496106 neutro-
phils cavity71; n=5). Furthermore, the depletion of CD4

+ T
cells reduced by 87% the TNFa production by OVA-

stimulated peritoneal cells (control: 400+25; immunized:
670+40; CD4

+ depleted: 435+18* pg ml71, n=4;
*P50.05). These results clearly demonstrate that CD4

+ T
cells are responsible for the TNFa release and subsequent

neutrophil recruitment induced by OVA in immunized mice.
The biomagnetic depletion method used led to an e�cient

depletion (498%) of the CD4
+ T cell subset from peritoneal

cell suspensions. Figure 8 depicts representative histograms
for CD4 expression on peritoneal cells before and after
biomagnetic depletion. The ¯uorescence intensity of perito-

neal cells stained with anti-CD4 mAb (Figure 8B, M1 region)
was dramatically reduced after CD4

+ T cell biomagnetic

Figure 5 Release of a neutrophil chemotactic factor by OVA-stimulated peritoneal cells. (A) Neutrophil migration was induced in
naive animals by the i.p. administration of 1 ml of peritoneal cell supernatant obtained from control (c) or immunized mice, which
were stimulated with OVA or KLH at the indicated concentrations for 1 h, washed and cultured for 6 h. (B) Neutrophil migration
induced by OVA (10 mg ml71)-stimulated peritoneal cell supernatant obtained from control (c) or immunized mice, incubated for
the times indicated (h). Neutrophil migration was quanti®ed 4 h after the supernatant injections and the values are expressed as
mean+s.e.mean. *P50.05 compared to respective control groups (ANOVA followed by Bonferroni t-test). Results are
representative of two separate experiments with ®ve mice per group.
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depletion (Figure 8C, M1 region). The ¯uorescence intensity
observed in the depleted cell population was comparable to
that found in peritoneal cells stained with an isotype-matched

control Ab (Figure 8A, control). Peritoneal cells stained with
anti-CD3 mAb exhibited the same ¯uorescence intensity to
those labelled with anti-CD4 mAb (data not shown), thus
con®rming that the labelled CD4

+ cells were lymphocytes.

Discussion

In this study we used a model of immune peritoneal
in¯ammation to investigate the participation of TNFa and

LTB4 in the neutrophil migration in immune in¯ammation.
We found that i.p. OVA challenge induced a dose- and time-
dependent neutrophil migration in immunized mice, which

peaked 4 h after challenge and returned to basal levels after
24 h, when a signi®cant eosinophil and mononuclear cell
in®ltrate was observed. Similar kinetics for cell in®ltration
induced by antigen challenge in immunized mice and other

species have been described (Abe et al., 1994; Klein et al.,
1995; Metzger et al., 1996; Sharpe & Smith, 1979; Spicer et
al., 1985; 1986; Zuany-Amorim et al., 1993). We found that

OVA-induced neutrophil accumulation was dependent on
endogenous release of LTB4 and cytokines, since neutrophil
recruitment was inhibited by MK 886, an LTB4 synthesis

inhibitor (®ve-lipoxygenase activating protein (FLAP) inhi-
bitor; Miller et al., 1990), by CP 105,696, an LTB4 receptor
antagonist (Koch et al., 1994), and by dexamethasone, a

glucocorticoid that inhibits eicosanoid and cytokine produc-
tion. The results also rule out the participation of
prostaglandins, nitric oxide, histamine or PAF in the process,
because drugs that either inhibit their synthesis or block their

receptors were ine�ective in inhibiting the neutrophil
migration induced by OVA. TNFa seems to be the pivotal
cytokine in neutrophil in¯ux after OVA challenge, because

the treatment of immunized mice with an antibody against
TNFa led to an inhibition of the neutrophil migration. In
addition, signi®cant levels of TNFa were measured in OVA-

stimulated peritoneal cell supernatant. Furthermore, p557/7

mice immunized and challenged with OVA showed impaired
neutrophil migration, compared to wild type mice, thus
con®rming the requirement for TNFa activity in the

neutrophil migration in this model. The participation of
LTB4 and TNFa in antigen-induced neutrophil migration in
immunized mice is supported by the literature. It has been

shown that antigen-induced neutrophil recruitment to the
peritoneal cavity of immunized mice is inhibited by an LTB4

synthesis inhibitor, and that neutrophil accumulation in the

airways of challenged, immunized mice is inhibited by anti-
TNFa antiserum (Zuany-Amorim et al., 1993; 1995). TNFa
and LTB4 have also been found to mediate neutrophil

migration in the reverse passive Arthus reaction (Steil et al.,
1998; Zhang et al., 1992). Moreover, a number of studies
have reported the presence of LTB4 and TNFa in human
in¯ammatory diseases, in which neutrophil migration occurs,

such as rheumatoid arthritis and in¯ammatory bowel disease
(Beck & Wallace, 1997; Davidson et al., 1983; Edwards &
Hallett, 1997; Sharon & Stenson, 1984). Despite this evidence

of a role for LTB4 and TNFa in the neutrophil migration in
immune in¯ammation the mechanisms involved in the release
of these mediators, and also the mechanism by which they

induce neutrophil migration, have not been clari®ed and
were, therefore, addressed in this study.
Because both the LTB4 receptor antagonist and the antibody

against TNFa inhibited the neutrophil migration induced by
OVA to a similar extent (485%), we investigated whether
recombinant TNFa might induce neutrophil migration by an
LTB4-dependent mechanism. The results suggested that

recombinant TNFa-induced neutrophil migration does indeed
depend on LTB4 production since it was inhibited by MK 886
by more than 86%. This evidence for a dependence on LTB4

production was reinforced by the observation that peritoneal
cells stimulated in vitro with TNFa released LTB4 into the
supernatant. Moreover, TNFa-stimulated macrophages also

release LTB4 (Conti et al., 1989). However, in spite of the

Figure 6 E�ect of anti-in¯ammatory drugs on the release of the
neutrophil chemotactic factor. Peritoneal cells were stimulated with
OVA (10 mg ml71) for 1 h, washed and incubated for a further 6 h.
The cells were cultured in the absence (PBS) or in the presence of
indomethacin (indo; 10 mM), L-NG-nitroarginine (nitro; 100 mM),
meclizine (mec; 100 mM), BN 50730 (BN; 100 mM), MK 886 (MK;
1 mM) or dexamethasone (dexa; 10 mM). The supernatants were
injected into the peritoneal cavities (1 ml) of naive mice and
neutrophil migration was quanti®ed 4 h later. Data are presented
as mean+s.e.mean. *P50.05 compared to the PBS treatment
(ANOVA followed by Bonferroni t-test). Results are representative
of two separate experiments with ®ve mice per group.

Table 1 Concentration of TNF-a and LTB4 in OVA-
stimulated peritoneal cell supernatants from control or
immunized mice

Peritoneal cell supernatant
Mediator Control Immunized

TNF-a (pg ml71) 421+3.4 685+27*
LTB4 (pg ml 71) 103.5+4.3 308.3+0.4*

Peritoneal cells (16106 cells ml71) were incubated as
described in the methods. Data are the mean+s.e.mean of
four samples. *p50.05 vs control mice (ANOVA followed
by Bonferroni t-test). Results are representative of two
experiments.
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demonstration that TNFa and LTB4 are involved in neutrophil
migration induced by OVA, the results do not rule out a

possible participation of CXC chemokines in the process.
Next we investigated the ability of peritoneal cells obtained

from sensitized animals to release a neutrophil chemotactic

factor after OVA stimulation. This chemotactic factor

caused, when injected in naive mice, neutrophil migration
similar to that observed when OVA was injected in

immunized mice. Subsequently, we con®rmed that the
chemotactic activity of the OVA-stimulated peritoneal cell
supernatant was due to the presence of TNFa and LTB4,

since its release was inhibited by dexamethasone and MK

Figure 7 E�ect of lymphocyte depletion on the production of neutrophil chemoattractant activity. (A) Neutrophil migration was
induced in naive mice by the i.p. administration of 1 ml of supernatant of peritoneal cells obtained from control (c) or immunized
mice depleted of T or B cells. (B) Neutrophil migration was induced in naive mice by the i.p. administration of 1 ml of peritoneal
cell supernatant obtained from control (c) or immunized mice depleted of CD4

+ and CD8
+ T subsets. CD4

+ T cell depleted
peritoneal cell suspension was incubated for 2 h with OVA, washed and then reconstituted with CD4

+ T cells (CD4
+ R) obtained

from immunized mice (striped bar). Depletion was performed as described in Methods. Data are mean+s.e.mean. *P50.05
compared to control group and #P50.05 compared to non-depleted group (ANOVA followed by Bonferroni t-test). Results are
representative of two separate experiments with ®ve mice per group.

Figure 8 Representative ¯ow cytometry histograms for CD4 expression on peritoneal cell suspension before and after immuno-
magnetic depletion. Peritoneal cells were analysed for cell-surface expression of CD4 using L3T4 FITC-conjugated monoclonal
antibody. (A) Peritoneal cell suspension incubated with isotype matched antibody (control). Peritoneal cell suspension (B) or
depleted CD4

+ peritoneal cell suspension (C) were incubated with FITC-conjugated L3T4. M1 indicates the region of CD4-
expressing cells. Histograms shown are from one of three separate experiments and are expressed in log scale (analysis of 10,000
cells).
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886. Moreover, we demonstrated signi®cant amounts of TNFa
and LTB4 in the supernatant. We also observed that the anti-
TNFa antiserum added into the culture of peritoneal cells

harvested from sensitized mice 5 min before OVA-stimulation
and throughout the incubation period blocked the release of
the neutrophil chemotactic factor to the supernatant, which
activity was evaluated in non-immune mice (data not shown).

The CD4
+ T cells present in the peritoneal cell suspension

account for the release of the TNFa involved in neutrophil
recruitment, since the depletion of all T cells, or of the CD4

+ T

cell subset, prevented the release of the chemotactic factor and
greatly reduced TNFa production after OVA stimulation.
Moreover, the reintroduction of the CD4

+ T cells to the culture

restored the release of the neutrophil chemotactic factor. The
possibility that macrophages might be a source of TNFa was
excluded by incubating CD4

+ T cells with paraformaldehyde-

®xed and with un®xed OVA-stimulated macrophages; in this
experiment both populations of T cells released neutrophil
chemotactic factor to the same extent. The ability of CD4

+ T
cells to release TNFa has already been documented (Pawelec et

al., 1989). However, the cell type that released LTB4 after
stimulation by CD4

+ T cell-derived TNFa was not determined
in this study and is currently under investigation.

The release of TNFa by CD4
+ T cells from immunized

mice seems to be independent of antibodies, because it
occurred even in the presence of OVA-stimulated macro-

phages obtained from naive animals. Moreover, the neu-
trophil migration was mimicked in naive mice (with
undetectable OVA-speci®c antibodies) by the co-administra-

tion of puri®ed CD4
+ T cells obtained from immunized mice

plus OVA-stimulated macrophages (data not shown). The
pattern of response observed in this model suggests that it is
representative of a hypersensitivity reaction. It is well known

that this type of immune in¯ammation is initiated following
antigen presentation in the MHC context by APC to T
lymphocytes, leading to cytokine production (Gallin, 1993).

In this context, our results may be important to an
understanding of the neutrophil migration observed in
human in¯ammatory disorders in which CD4

+ T cell

activation is observed, such as arthritis, in¯ammatory bowel
disease and sarcoidosis (Deem et al., 1991; Panayi et al.,
2001; Zheng et al., 1995). It is possible that, in such diseases,
neutrophil accumulation is mediated by LTB4, the release of

which is stimulated by TNF a released by CD4
+ T cells.

Although we did not investigate the participation of mast
cells as a source of TNFa the fact that depletion of the CD4

+

T cell subset abolished TNFa production suggests that the
former cell type does not participate. The role of mast cells as
a source of TNFa involved in neutrophil recruitment has

been described in the reverse passive Arthus Reaction (Zhang
et al., 1992). This discrepancy could be explained by the fact
that, in the latter model, antibodies actively participate in the

release of TNFa, whereas in our study immunoglobulins
seem not to be involved.
Taken together, the data demonstrate that the neutrophil

migration induced by OVA in immunized mice depends on

TNFa release by CD4
+ T lymphocytes. TNFa induces

neutrophil recruitment via LTB4, which is responsible for
neutrophil recruitment into the peritoneal cavity. Therefore,

inhibition of the synthesis or the actions of these two
mediators could be bene®cial to the control of neutrophil
accumulation in in¯ammatory immune diseases.

We thank Alexandra Rosa Vieira Dias for FACS analysis and
FabõÂ ola Leslie Mestriner, Ana KaÂ tia dos Santos and SeÂ rgio
Roberto Rosa for technical assistance. This research was sup-
ported by CAPES (FundacË aÄ o CoordenacË aÄ o de AperfeicË oamento de
Pessoal de NõÂ vel Superior), Conselho Nacional de Pesquisa
(CNPq), FundacË aÄ o de Amparo aÁ Pesquisa do Estado de SaÄ o
Paulo (FAPESP), and Programa de NuÂ cleos de ExceleÃ ncia
(PRONEX).

References

ABE, T., YOSHIDA, K., OMATA, T., SEGAWA, Y., MATSUDA, K. &

NAGAI, H. (1994). E�ects of ZCR-2060 on allergic airway
in¯ammation and cell activation in guineapigs. J. Pharm.
Pharmacol., 46, 876 ± 882.

AJUEBOR, M.N., DAS, A.M., VIRAG, L., FLOWER, R.J., SZABO, C. &

PERRETI, M. (1999). Role of resident peritoneal macrophages
and mast cells in chemokine production and neutrophil
migration in acute in¯ammation: evidence for an inhibitory loop
involving endogenous IL-10. J. Immunol., 162, 1685 ± 1691.

APPELBERG, R. (1992). CD4
+ T cells are required for Ag-speci®c

recruitment of neutrophils by BCG-immune spleen cells.
Immunol., 75, 414 ± 419.

BECK, P.L. & WALLACE, J.L. (1997). Cytokines in in¯ammatory
bowel disease. Mediat. In¯am., 6, 95 ± 103.

BOCCA, A.L., HAYASHI, E.E., PINHEIRO, A.G., FURLANETTO, A.B.,

CAMPANELLI, A.P., CUNHA, F.Q. & FIGUEIREDO, F. (1998).
Treatment of Paracoccidioides brasiliensis-infected mice with a
nitric oxide inhibitor prevents the failure of cell-mediated
immune response. J. Immunol., 161, 3056 ± 3063.

CASTRO-FARIA-NETO, H.C., MARTINS, M.A., BOZZA, P.T., PEREZ,

S.A., CORREA-DA-SILVA, A.C., LIMA, M.C., CRUZ, H.N., COR-

DEIRO, R.S., SOUSA, M.V. & MORHY, L. (1991). Pro-in¯amma-
tory activity of enterolobin: a haemolytic protein puri®ed from
seeds of the brazilian tree Enterolobium contortisiliquum.
Toxicon, 29, 1143 ± 1150.

CONTI, P., REALE, M., BARBACANE, R.C., BONGRAZIO, M. &

PANARA, M.R. (1989). The combination of IL-1 plus TNF causes
greater generation of LTB4, thromboxanes and aggregation on
human macrophages than these compounds alone. Prog. Clin.
Biol. Res., 89, 541 ± 545.

CZUPRYNSKI, C.J. & BROWN, J.F. (1987). Dual regulation of anti-
bacterial resistance and in¯ammatory neutrophil and macro-
phage accumulation by L3T4+ and Lyt 2+ Listeria-immune T
cells. Immunol., 60, 287 ± 293.

DAS, A.M., AJUEBUR, M.N., FLOWER, R.J., PERRETI, M. & McCOLL,

S.R. (1999). Contrasting roles for RANTES and macrophage
in¯ammatory protein-1 alpha (MIP-1 alpha) in a murine model
of allergic peritonitis. Clin. Exp. Immunol., 117, 223 ± 239.

DAVIDSON, E.M., RAE, S.A. & SMITH, M.J. (1983). Leukotriene B4, a
mediator of in¯ammation present in synovial ¯uid in rheumatoid
arthritis. Ann. Rheumatol. Dis., 42, 677 ± 679.

DEEM, R.L., SHANAHAN, F. & TARGAN, S.R. (1991). Triggered
human mucosal T cells release tumour necrosis factor alpha and
interferon-gamma which kill human colonic epithelial cells. Clin.
Exp. Immunol., 83, 79 ± 84.

ECHTENACHER, B., MAÈ NNEL, D.N. & HUÈ LTNER, L. (1996). Critical
protective role of mast cells in a model of acute septic peritonitis.
Nature, 381, 75 ± 77.

British Journal of Pharmacology vol 134 (8)

Neutrophil migration in immune inflammationC. Canetti et al 1627



EDWARDS, S.W. & HALLETT, M.B. (1997). Seeing the wood for the
trees: the forgotten role of neutrophils in rheumatoid arthritis.
Immunol. Today, 18, 320 ± 324.

GALLIN, J.I. (1993). In¯ammation. In Fundamental Immunology ed.
William E. Paul. pp. 1015 ± 1032. New York: Raven Press Ltd.

HAYNES, B.F. (1992). Vasculitis: Phatogenic Mechanisms of Vessel
Damage. In In¯ammation: Basic Principles and Clinical Corre-
lates. Ed. Gallin J. I., Goldstein I. M. & Snyderman R. pp. 921 ±
941. New York: Raven Press.

HOLDSWORTH, S.R. & BELLOMO, R. (1984). Di�erential e�ects of
steroids on leukocyte-mediated glomerulonephritis in the rabbit.
Kidney Int., 26, 162 ± 169.

JANCAR, S., RIFFO-VASQUEZ, Y., FERREIRA, A.P. & MACEDO, M.S.

(1991). PAF antagonists do not modify IgE antibody production
in mice. Braz. J. Med. Biol. Res., 24, 619 ± 621.

KARPATI, R.M., BANKS, S.M., MALISSEN, B., ROSENBERG, S.A.,

SHEARD, M.A., WEBER, J.S. & HODES, R.J. (1991). Phenotypic
characterization of murine tumor-in®ltrating T lymphocytes. J.
Immunol., 146, 2043 ± 2051.

KLEIN, A., CUNHA, F.Q. & FERREIRA, S.H. (1995). The role of
lymphocytes in the neutrophil migration induced by ovalbumin
in immunised rats. Immunol., 84, 577 ± 584.

KNOTT, P.G., GATER, P.R., DUNFORD, P.J., FUENTES, M.E. &

BERTRAND, C.P. (2001). Rapid up-regulation of CXC chemo-
kines in the airways after Ag-speci®c CD4+ T-cell activation. J.
Immunol., 166, 1233 ± 1240.

KOCH, K., MELVIN, L.S. Jr, REITER, L.A., BIGGERS, M.S., SHOWELL,

H.J., PETTIPHER, E.R., CHENG, J.B., MILICI, A.J., BRESLOW, R.,

et al (1994). (+)-1-(3S,4R)-[3-(4-phenylbenzyl)-4-hydroxychro-
man-7-yl]cyclopentane carboxylic acid, a highly potent, selective
leukotriene B4 antagonist with oral activity in the murine
collagen-induced arthritis model. J. Med. Chem., 37, 3197 ± 3199.

MALAVIYA, R., IKEDA, T., ROSS, E. & ABRAHAM, S.N. (1996). Mast
cell modulation of neutrophil in¯ux and bacterial clearance at
sites of infection through TNF-a. Nature, 381, 77 ± 80.

MALECH, H.L. & GALLIN, J.I. (1987). Neutrophils in human diseases.
N. Engl. J. Med., 317, 687 ± 694.

METZGER, W.J., RICHERSON, H.B., WORDEN, K., MONICK, M. &

HUNNINGHAKE, G.W. (1996). Bronchoalveolar lavage of
allergic asthmatic patients following allergen bronchoprovoca-
tion. Chest, 89, 477 ± 483.

MILLER, D.K., GILLARD, J.W., VICKERS, P.J., SADOWSKI, S.,

LEÂ VEILLEÂ , C., MANCINI, J.A., CHARLESON, P., DIXON, R.A.F.,

FORD-HUTCHINSON, A.W., FORTIN, R., GAUTHIER, J.Y.,

RODKEY, J., ROSEN, R., ROUZER, C., SIGAL, I.S., STRADER,

C.D. & EVANS, J.F. (1990). Identi®cation and isolation of a
membrane protein necessary for leukotriene production. Nature,
343, 278 ± 281.

OLIVEIRA, S.H.P., FACCIOLI, L.H., CUNHA, F.Q. & FERREIRA, S.H.

(1994). Role of resident peritoneal cells in eosinophil migration
induced by saline. Int. Arch. Allergy Immunol., 104, 323 ± 331.

PANAYI, G.S., CORRIGALL, V.M. & PITZALIS, C. (2001). Pathogen-
esis of rheumatoid arthritis. The role of T cells and other beasts.
Rheum. Dis. Clin. North. Am., 27, 317 ± 334.

PAWELEC, G., SCHAUDT, K., REHBEIN, A. & BUSCH, F.W. (1989).
Di�erential secretion of tumor necrosis factor-alpha and
granulocyte/macrophage colony-stimulating factors but not
interferon-gamma from CD4+ compared to CD8+ human T cell
clones. Eur. J. Immunol., 19, 197 ± 200.

PFEFFER, K., MATSUYAMA, T., KUÈ NDIG, T.M., WAKEHAM, A.,

KISHIHARA, K., SHAHINIAN, A., WIEGMANN, K., OHASHI, P.S.,

KROÈ NKE, M. & MAK, T.W. (1993). Mice de®cient for the 55 kd
Tumor Necrosis Factor Receptor are resistant to endotoxic
shock, yet succumb to L. monocytogenes infection. Cell, 73, 457 ±
467.

RAMESHWAR, P., GASCON, P. & GANEA, D. (1993). Stimulation of
IL-2 production in murine lymphocytes by substance P and
related tachykinins. J. Immunol., 151, 2484 ± 2496.

RANKIN, J.A., SYLVESTER, I., SMITH, S., YOSHIMURA, T. &

LEONARD, E.J. (1990). Macrophages cultured in vitro release
leukotriene B4 and neutrophil attractant/activation protein
(interleukin 8) sequentially in response to stimulation with
lipopolysaccharide and zymosan. J. Clin. Invest., 86, 1556 ± 1564.

SANT, A.J. (1993). Isotypic residues in the membrane proximal
domain of MHC class II b-chains control activation of CD4+ T-
cells. J. Immunol., 150, 5299 ± 5310.

SHARON, P. & STENSON, W.F. (1984). Enhanced synthesis of
leukotriene B4 by colonic mucosa in in¯ammatory bowel disease.
Gastroenterology, 86, 453 ± 460.

SHARPE, T.J. & SMITH, H. (1979). E�ects of drugs on the acute
in¯ammation following i.p. injection of Ag into actively
sensitised rats. Int. Archs. Allergy Appl. Immunol., 60, 216 ± 221.

SHOWELL, H.J., PETTIPHER, E.R., CHENG, J.B., BRESLOW, R.,

CONKLYN, M.J., FARREL, C.A., HINGORANI, G.P., SALTER,

E.D., HACKMAN, B.C., WIMBERLY, D.J., DOHERTY, N.S.,

MELVIN, Jr L.S., REITER, L.A., BIGGERS, M.S. & KOCH, K.

(1995). The in vitro and in vivo pharmacologic activity of the
potent and selective leukotriene B4 receptor antagonist CP-
105696. J. Pharmacol. Exp. Ther., 273, 176 ± 184.

SPICER, B.A., HATT, P.A., LAYCOCK, S.M. & SMITH, H. (1986). E�ect
of drugs on the increase in cell numbers in the peritoneal cavity of
the actively sensitised mouse after i.p. challenge with Ag. Int.
Archs. Allergy Appl. Immunol., 81, 81 ± 84.

SPICER, B.A., LAYCOCK, S.M. & SMITH, H. (1985). The e�ects of
drugs on leucocyte changes following the injection of Ag into the
peritoneal cavities of actively sensitised rats. Agents Actions, 17,
498 ± 505.

STEIL, A.A., TAVARES DE LIMA, W. & JANCAR, S. (1998).
Modulation by lipid mediators of immune complex-induced lung
in¯ammation in mice. Eur. J. Pharmacol., 13, 93 ± 99.

TAKTAK, Y.S., SELKIRK, S., BRISTOW, A.F., CARPENTER, A., BALL,

C., RAFFERTY, B. & POOLE, S. (1991). Assay of pyrogens by
interleukin-6 release from monocytic cell lines. J. Pharmacol., 43,
578 ± 582.

WANDALL, J.H. (1985). Function of exudative neutrophilic granu-
locytes in patients with Crohn's disease or ulcerative colitis.
Scand. J. Gastroenterol., 20, 1151 ± 1156.

WEISSMANN, G. & KORCHAK, H. (1984). Rheumatoid arthritis: the
role of neutrophil activation. In¯ammation, 8, S3 ± S14.

ZHANG, Y., RAMOS, B.F. & JAKSCHIK, B.A. (1992). Neutrophil
recruitment by Tumor Necrosis Factor from mast cells in
immune complex peritonitis. Science, 258, 1957 ± 1959.

ZHENG, I., TESCHLER, H., GUZMAN, J., HUBNER, K., STRIZ, I. &

COSTABEL, U. (1995). Alveolar macrophage TNF-alpha release
and BAL cell phenotypes in sarcoidosis. Am. J. Respir. Crit. Care
Med., 152, 1061 ± 1066.

ZUANY-AMORIM, C., LEDUC, D., VARGAFTIG, B.B. & PRETOLANI,

M. (1993). Characterization and pharmacological modulation of
antigen-induced peritonitis in actively sensitized mice. Br. J.
Pharmacol., 110, 917 ± 924.

ZUANY-AMORIM, C., HAILEÂ , S., LEDUC, D., DUMAREY, C.,

HUERRE, M., VARGAFTIG, B.B. & PRETOLANI, M. (1995).
Interleukin-10 inhibits antigen-induced cellular recruitment into
the airways of sensitized mice. J. Clin. Invest., 95, 2644 ± 2651.

(Received August 1, 2001
Revised September 21, 2001

Accepted September 24, 2001)

British Journal of Pharmacology vol 134 (8)

Neutrophil migration in immune inflammationC. Canetti et al1628


	fig_xref1
	fig_xref2
	fig_xref3
	fig_xref4
	fig_xref5
	tab_xref1
	fig_xref6
	fig_xref7
	fig_xref8
	bib_xrefR1
	bib_xrefR2
	bib_xrefR3
	bib_xrefR4
	bib_xrefR5
	bib_xrefR6
	bib_xrefR7
	bib_xrefR8
	bib_xrefR9
	bib_xrefR10
	bib_xrefR11
	bib_xrefR12
	bib_xrefR13
	bib_xrefR14
	bib_xrefR15
	bib_xrefR16
	bib_xrefR17
	bib_xrefR18
	bib_xrefR19
	bib_xrefR20
	bib_xrefR21
	bib_xrefR22
	bib_xrefR23
	bib_xrefR24
	bib_xrefR25
	bib_xrefR26
	bib_xrefR27
	bib_xrefR28
	bib_xrefR29
	bib_xrefR30
	bib_xrefR31
	bib_xrefR32
	bib_xrefR33
	bib_xrefR34
	bib_xrefR35
	bib_xrefR36
	bib_xrefR37
	bib_xrefR38
	bib_xrefR39
	bib_xrefR40
	bib_xrefR41
	bib_xrefR42
	bib_xrefR43
	bib_xrefR44
	bib_xrefR45

